V isiting the beach is a popular tourist activity worldwide. Unfortunately, the beach environment is abundant with hazards and potential danger to the unsuspecting tourist. While the traditional focus of beach safety has been oriented toward water safety, there is growing concern about the risks posed by the sand environment on beaches. Sand-related incidents resulting from the collapse of sand castles, sand tunnels and sand holes dug on beaches have been reported in recent years (1) .
Sand in the tracheobronchial airways adheres to the mucosa and can cause tracheal and bronchial obstruction, which can be lifethreatening, even with intensive management (2) .
The aim of the present article is to report the successful use of extracorporeal membrane oxygenation (ECMO) for respiratory support, which enabled more efficient removal of sand particles using bronchoscopy and lavage.
CASE PRESENTATION
An 11-year-old previously healthy boy was playing with his friends on a beach in British Columbia. He was buried vertically in sand up to his neck. The sand above his face collapsed on him while he was buried. He was unable to protect himself and his airway. His friends immediately went to get help. Family members pulled him out of the sand immediately and provided rescue breathing because he was not breathing and had no pulse. After he was breathing spontaneously, his family rinsed his mouth and nose with fresh lake water.
Emergency medical services reported a Glasgow Coma scale score of 6 of 10 and placed an oropharyngeal airway. Bilaterally, breath sounds were diminished, with wheeze at the base.
At arrival to the local hospital, the patient was intubated with an endotracheal tube (ETT) and ventilated by bagging; at that time, oxygen saturation (SpO 2 ) was 98%. Salbutamol inhaler was given without improvement. Capillary blood gas showed acute respiratory acidosis with a partial pressure of carbon dioxide (PaCO 2 ) of 84 mmHg.
During transfer to the authors' tertiary pediatric institution by emergency medical services, ventilation shifted to manual bagging because mean airway pressure fluctuated (peak 70 cmH 2 O, nadir 5 cmH 2 O) in flight via helicopter.
On presentation, he was hypothermic (35.4°C) and mottled, with venous blood gas values of pH 6.99, PaCO 2 120 mmHg and lactate 3 mmol/L. A chest x-ray ( Figure 1 ) confirmed ETT placement with hyperinflation and sand bronchogram. The ETT was changed after confirmation of a sand plug at the end of the tube.
He was placed on venovenal ECMO at the rate of 75 mL/kg/min because SpO 2 was between 60% and 70%, PaO 2 50 mmHg and PaCO 2 58 mmHg in arterial blood gas. ECMO was associated with immediate improvement in SpO 2 to 90%. Arterial blood gas values at this time were pH 7.24, PaCO 2 48 mmHg, PO 2 117 mmHg and HCO 3 20 mmol/L.
After cardiopulmonary status stabilization, rigid bronchoscopy was unsuccessful. Suspension laryngoscopy through the ETT demonstrated significant airway swelling. Flexible bronchoscopy was then performed, which sufficiently cleaned out the ETT for it to be removed and suspension laryngoscopy was carefully repeated sequentially in the intensive care unit with bronchoscopy with normal saline lavage. This management continued for hours until the mainstem bronchi appeared to be clear.
Dexamethasone and epinephrine were instilled for airway edema. Significant sand debris as well as mucosal inflammation was present ( Figure 2 ). Severe acute hypertension (in the area of 200/100 mmHg) developed with ST segment changes and decreased function on realtime echocardiography, which was controlled with multiple boluses of esmolol infusion (150 μg/kg/min) for 10 min.
An intravenous piperacillin/tazobactam antibiotic was given for seven days with no growth in blood, tracheal lavage and urine cultures. ECMO was continued for three days, followed by successful extubation on day 5. He continued to cough up sand and blood intermittently for seven days after extubation.
The patient was lost to follow-up until 18 months after event, when he was evaluated for asthma due to shortness of breath on exertion; at this time, he had normal neurological, cardiac and respiratory examinations. A pulmonary function test showed mild but reversible obstructive spirometry, with forced expiratory volume in 1 s (FEV 1 ) 88% of predicted and expiratory ratio (ie, FEV 1 /forced vital capacity) of 68%. Moderate bronchial hyperreactivity was demontrated; FEV 1 changed by 13% after bronchodilator, but there was absence of restriction and no diffusion abnormalities. 
Learning objectives
• To recognize that clinical presentation can vary from moderate respiratory distress to complete airway obstruction leading to cerebral asphyxia.
• To understand that due to rarity, clear diagnostic and treatment recommendations have not been established.
CanMEDS competency: Medical Expert, Collaboration.

Pretest
• What is the mechanism of airway obstruction with sand aspiration?
DISCUSSION
Aspiration is a life-threatening event that should be considered in all cave-ins and near-drowning events. A 60% chance of mud, sand or aquatic vegetation aspiration is reported during drowning or near drowning (3). In 1962, Efron and Beierle (3) described a drowning victim whose mouth and pharynx were full of sand and who had difficulty ventilating. In 2006, approximately 1100 children (<20 years of age ) in the United States died from drowning (4, 5) .
The pathogenesis of injury with aspiration is laryngospasm, mechanical obstruction or inflammation secondary to chemical irritation (3) . Initial signs and symptoms vary depending on the extent of airway obstruction. If complete, anoxic death occurs rapidly; however, if obstruction is partial, dyspnea, rales, wheezing, cyanosis, stridor or cough ensue. Initial clues to significant aspiration include increased peak airway pressures during mechanical ventilation, and visible sand in the mouth and nasopharynx (3) . Chest x-ray findings are generally nonspecific, with fluffy, nodular, confluent perihilar opacities or air bronchograms, and radiodense material in the bronchi and sinuses as well as centrilobular nodules (6) . Adult studies have reported sand bronchogram (radiodense material lining the central tracheobronchial tree) in two cases.
Pediatric computed tomography scans show diffuse, ill-defined ground-glass opacities, and bilateral perihilar bronchial thickening with opacification of the peripheral right lateral basal segment bronchus. In one pediatric report, nonbronchoscopic bronchoalveolar lavage (BAL) did not assist in diagnosis, whereas findings from visualization of the airways at bronchoscopy and bronchoscopic BAL provided the diagnosis. The role of bronchoscopy as a diagnostic and therapeutic modality is not clearly defined. Bronchoscopic findings in adults with sand aspiration include bronchial sand casts, sand plugs, scattered sand, mucosal inflammation and friability (7) .
Therapeutically, different modalities have been attempted in management: bronchial toileting with bronchodilator (7); exogenous bovine surfactant (7); and bronchoscopy with BAL (6) .
There are no clinical trials examining the role of antibiotics or steroids after particulate aspiration (3). Our patient developed severe hypertension after instillation of epinephrine, most likely rapidly absorbed through excoriated tissue.
The present case is the 11th reported pediatric case from the reviewed literature and differs from other cases due to success with ECMO (3, (7) (8) (9) (10) (11) (12) (13) (14) (15) . The use of ECMO enabled more effective removal of sand in the major airway by bronchoscope, with less patient compromise and improved stability. While on ECMO, the patient experienced severe acute hypertension after intratracheal epinephrine managed with multiple boluses of esmolol infusion.
Post-test
The mechanisms of injury with aspiration is laryngospasm, mechanical obstruction, or inflammation secondary to chemical irritation.
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